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Abstract 
Electrodeposited metals and alloys invariably exhibit a crystalline microstructure and 
hence their properties depend mainly on the composition of the electrolyte and the operating 
conditions like electrolyte temperature, pH, presence or absence of additives, operation with or 
without agitation etc. In the present study the electrodeposition of silver from non-cyanide based 
electrolytes and the effect of additives were investigated using X-Ray Diffraction studies and 
Scanning Electron Microscope studies. 
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Introduction:  
A cyanide plating bath is most often used, but cyanide have strong toxicity and large amount of 
cost required for securing safe working conditions and waste treatment. Because of these, many 
cyanide-free baths have been proposed and reported, but none of them is in practical in use. [1-5] 
Seishi Masaki[6] found that a plated coat having performance comparable to that of the cyanide 
silver plating bath can be obtained from a silver methane sulfonate-potassium iodide bath to 
which N-(3-hydroxyl-1-butylidene)-p-sulfanilic acid is added and has succeeded for 
industrialization. Foster et al., noted that silver electro deposition from the sodium thiosulfate 
solutions produced noticeably smoother surfaces than that from ammonium thiosulfate solution. 
Bu-GaoXie. et al., [7] reported a cyanide-free silver plating bath with uracil as a complexing 
agent and PEI as an additive was found to be capable of producing satisfactory silver deposits 
over a copper substrate without a separate strike plating process and the quality of the silver 
deposit depends on the completing adsorption of PEI and uracil on the silver surface. An 
alternative method of depositing metals is by using ionic liquids (ILs). Silver deposition has been 
studied by several groups as a model system for metal nucleation. Ionic liquids (ILs) have 
attracted great deal of attention recently due to their high thermal stability, good conductivity, 
non-volatility, non-flammability, suitable polarity, wide electrochemical window and 
recyclability. [8-16] 
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AIM AND SCOPE OF THE WORK 
 The electrodeposition of silver from 
Cyanide solutions is a well-established 
industrial practice. The electrodeposition of 
silver from cyanide has many advantages 
such as the low cost and the mist consistent 
quality of the deposits. However, it requires 
delicate manipulation during the process of 
production, transportation, storage and 
disposal due to the toxicity problems 
associated with the cyanides. For these 
reasons, a number of attempts have been 
made in the past years to develop cyanide-
free formulations. Hence, wehave decided to 
investigate the detailed study on 
electrodeposition of silver and its deposits 
characteristics such as Current Efficiency, 
Crystal size, Orientation of crystal and 
Surface morphology of the silver deposits.  
EXPERIMENTAL WORK 
We have done the pretreatment 
sequences for copper, characterization of 
plating solutions, determination of throwing 
power using standard procedure.Deposit 
characteristics are analyzed using X-ray 
diffraction (XRD) and scanning electron 
microscope (SEM)techniques. 
 RESULTS AND DISCUSSION 
DETERMINATION OF CATHODE 
CURRENT EFFICIENCY AND RATE OF 
DEPOSITION: 
 The depositing electrolyte and 
operating parameters are given in Table 1. 
The results of the cathode current efficiency 
of silver filling produced from various 
depositing solutions and different current 
densities at 30οC are given in figure1 A-D 
.From this figure 1A we may observe that 
the cathode current efficiency and rate of 
deposition were steadily increases up to 0.2 
Adm-2 and after that cathode current 
efficiency and rate of deposition were 
gradually decreases with respect to 
increasing current densities .This may be 
due to hydrogen evolution reaction occurs at 
high current densities. Hence the cathode 
current efficiency and rate of deposit were 
decreases.  Moreover a smooth uniform 
silvery white deposit was observed between 
0.1 – 0.2 A dm-2. And there after the deposit 
becomes a dull in nature. Hence it was 
concluded that 0.1 – 0.2 A dm-2. This is 
optimum for producing a smooth uniform 
silvery white deposit with high cathode 
current efficiency and rate of deposition at 
30οC. 
Figure 1-B represent the silver film 
obtain from a solution B containing gelatin 
0.1g/L was added as additive at various 
current densities at 30οC. From this figure  
we may notice that the cathode current 
efficiency as well as rate of deposits was 
gradually increases up to 0.2 Adm-2. And 
thereafter decreases with increasing current 
densities on the other hand the cathode 
current efficiency and rate of deposit was 
decreases as compare to the silver film 
produces from the additive-free solution. It 
could be attributed to additive many 
adsorbed at the electrode surface and 
thereby blocking the electrode area. Hence 
cathode current efficiency was reduced as 
compared to the additive free electrolytes.  
Figure 1Crepresents the silver film 
yielded from the solution containing animal 
glu 0.25 gL-1 was introduced as additive at 
various current densities and at 30οC. From 
this data we may seen that the current 
efficiency as well as rate of deposit were 
gradually increases up to 0.2 Adm-2. And 
there after cathode current efficiency and 
rate of deposit were steadily decreases with 
respect to increasing current densities. It 
clearly indicates that the additives adsorbed 
at the electrode surface there by blocking the 
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surface the area. Since it was concluded that 
0.1- 0.2 Adm-2 is optimum for producing a 
smooth uniform bright deposit with high 
cathode current efficiency and at 30οC. 
Figure1-D denotes that silver films produced 
from solution D containing 0.1 mlL-
1anisaldehyde was introduced as additive at 
different current densities and at 30οC. The 
similar behavior was observed in the above 
case. 
Bath composition Bath A Bath B Bath C Bath D 
 
Silver nitrate (gL-1) 
 
34 
 
34 
 
34 
 
34 
Potassium chloride 
(gL-1) 
 
37 
 
37 
 
37 
 
37 
Sodium 
thiosulphate (gL-1) 
 
174 
 
174 
 
174 
 
174 
Sodium meta 
bisulphate (gL-1) 
 
30 
 
30 
 
30 
 
30 
 
Gelatin (gL-1) 
 
- 
 
0.1 
 
- 
 
- 
 
Animal glu (gL-1) 
 
- 
 
- 
 
0.25 
 
- 
 
Anisaldehyde (gL-
1) 
 
- 
 
- 
 
- 
 
0.1 
 
Temperature 
 
30-40 
 
30-40 
 
30-40 
 
30-40 
 
pH 
 
5 
 
5 
 
5 
 
5 
             Table 1: Bath composition and parameters of various plating solutions 
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                                C                                                                                                 D 
Figure 1. Cathode current efficiency for silver deposits obtained from bath A- D at 30οC 
 
X-RAY DIFFRACTION ANALYSIS OF 
SILVER FILMS: 
From this study we may observe that 
all the deposits are polycrystalline and 
metallic in nature. It clearly indicates that 
the reflection of (111) plane was more 
predominant as compared to the other peak 
intensities and correspondingly grain size is 
reduced from 38 to 29nm. Hence it was 
concluded that high current density give rise 
to high degree and high atom saturation of 
the electrode surface. This brings about the 
reduction in grain size. Model figure is 
given . 
 
X-ray diffraction pattern of silver 
films obtained from three different additives 
such as gelatin, animal glu, and 
anisaldehyde respectively. The deposits 
yield from the bath containing gelatin 0.1 
gL-1 as additive at 0.3 Adm-2. Again (111) 
plane was more predominant as compared to 
other peaks. Whereas the deposits produced 
from the gelatin containing solution 
exhibited lower grain size as compared to 
the deposits produced from additive-free 
solution. It clearly indicates that gelatin 
reduces the grain size significantly in the 
silver deposits. Hence, we suggest that 
gelatin act as a grain refiner. 
 From the X- ray diffraction pattern 
the deposits produced from animal glue 0.25 
gL-1 containing electrolyte exhibited the 
(220) plane. Whereas the crystal size of the 
silver film remarkably reduced as compare 
to the previous one. Hence, it was concluded 
that animal glu act as grain modifier.  We 
have seen the silver film produced from the 
deposit electrolyte containing anisaldehyde 
0.1 mlL-1 were used as additive. It clearly 
indicates that the crystal size of the silver 
film remarkably reduced among the studied 
additive. Hence, among the studied additive 
anisaldehyde is the best grain refining agent 
for silver deposit.  
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Figure 2 XRD pattern for silver deposits 
obtained from bath ‘A’ at 30οC and at 0.1 
Adm-2 
 
 
Deposit 
from Bath 
 
Current 
Density (Adm-2) 
 
2θ value 
 
FWHM 
value 
 
Relativ
e Intensity 
(%) 
 
hkl 
value 
 
Crystal 
Size (nm) 
      A 0.1 38.2803 0.2165 100 (111) 38.46 
      A 0.2 38.3981 0.2362 100 (111) 35.27 
      A 0.3 38.2545 0.2362 100 (111) 35.25 
      A 0.4 38.2736 0.2952 100 (111) 28.21 
      B 0.3 38.4640 0.6298 100 (111) 13.23 
      C 0.3 64.6319 0.9446 100 (220) 9.64 
      D  0.3 38.3536 0.9446 100 (111) 8.82 
               Table 2: Crystal size data obtained from various Silver deposits 
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Bath Current 
density (Adm-2) 
Standard ‘d’ 
values 
Observed ‘d’ 
values 
hkl values 
       A     0.1 2.3600 
2.0400 
1.4500 
1.2300 
1.1800 
2.3512 
2.0358 
1.4425 
1.2311 
1.1786 
(111) 
(200) 
(220) 
(311) 
(222) 
    0.2 2.3600 
2.0400 
1.4500 
1.2300 
1.1800 
2.3443 
2.0329 
1.4407 
1.2303 
1.1776 
(111) 
(200) 
(220) 
(311) 
(222) 
    0.3 2.3600 
2.0400 
1.4500 
1.2300 
1.1800 
2.3591 
2.0367 
1.4421 
1.2311 
1.1788 
(111) 
(200) 
(220) 
(311) 
(222) 
    0.4 2.3600 
2.0400 
1.4500 
1.2300 
1.1800 
 2.3516 
2.0363 
1.4428 
1.2306 
1.1789 
(111) 
(200) 
(220) 
(311) 
(222) 
        B    0.3 2.3600 
2.0400 
1.4500 
1.2300 
1.1800 
2.3404 
2.0289 
1.4386 
1.2285 
1.1768 
(111) 
(200) 
(220) 
(311) 
(222) 
        C   0.3 2.3600 
2.0400 
1.2300 
2.3491 
1.4421 
1.2311 
(111) 
(220) 
(311) 
         D   0.3 2.3600 
2.0400 
1.4500 
1.2300 
1.1800 
2.3469 
2.0348 
1.4426 
1.2290 
1.1779 
(111) 
(200) 
(220) 
(311) 
(222) 
                            Table 3: XRD data obtained from various silver deposits at 30οC.  
SURFACE MORPHOLOGY 
ANALYSIS: 
Surface morphology of silver films 
obtained and at 30οC analysed using the 
Scanning Electron Microscope of silver 
films obtained from without additive (bath 
A) at 0.1 Adm-2. It obviously represents a 
tiny grains are compactly arranged in the 
deposit throughout the area of the surface. 
As the current density raised to 0.2 Adm-2 to 
0.4 Adm-2. The silver films obtained from 
these three current densities are still compact 
and fine grain structure. It indicates that over 
potential increases with increasing current 
densities. The nucleation energy depends on 
the cathodic over potential increasing the 
nucleus densities. As a result these 
compactness of the coating increases and the 
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grain size decreases with increasing current 
densities. With further increases of current 
densities the consumption rate of silver ion 
near cathode surface exceeds its supplement 
rate. Tha mass transfer effect dominate as 
the silver ion near the cathode surface is 
depleted. Hence the deposit becomes 
powdery. Sample Figure is given. 
 
Figure 3. SEM micrograph for silver 
deposits obtained from bath ‘A’ at 30οC 
and at 0.1 Adm-2 
Conclusion 
The electrodeposition of silver from non-
cyanide based electrolytes and the effect of 
additives were investigated and the results 
are given below. 
1. Bath compositions, additive 
concentration, plating parameters 
were optimized by preliminary 
experiments.  
2. The deposits yielded from all the bath 
are good adherent to the substrate with 
high cathode current efficiency. 
3. The deposit produced from absence of 
additive exhibited silvery white 
deposit. Whereas deposit produced in 
presence of additive produced bright 
silvery white. 
4. The X-Ray Diffraction studies reveal 
that the deposit produced from all bath 
exhibited highest reflection of (111) 
plane. Whereas the deposit produced 
from anisaldehyde containing 
electrolyte exhibited that the highest 
reflection of (220) plane. 
5. The crystal size data reveals that the 
deposit produced from Anisaldehyde 
is the best grain modifier. 
6. Scanning Electron Microscope studies 
reveals that the baths are exhibited 
small compact and fine grain 
structure. From this result we may 
conclude that additive act as a grain 
refiner. 
7. Finally we recommended that the 
presently investigated electrolyte is 
more useful for electrical and 
electronic industries. 
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